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Study Design: Retrospective study. 

Purpose: The aim of the present study is to analyze the prevalence and distribution of cervical and thoracic compressive lesions of 
the spinal cord in lumbar degenerative disease, using whole-spine postmyelographic computed tomography. 
Overview of Literature: Of the various complications resulting from spinal surgery, unexpected neurological deterioration is the 
most undesired. There are reports of missed compressive lesions of the spinal cord at the cervical or thoracic level in lumbar degen- 
erative disease. 

Methods: There were 145 consecutive patients with symptomatic lumbar degenerative disease evaluated. Before the lumbar surgery, 
image data were obtained. The following parameters at the cervical and thoracic levels were analyzed: compressive lesions from the 
anterior parts; compressive lesions from the anterior and posterior parts; ossification of the ligamentum flavum; ossification of the 
posterior longitudinal ligament; and spinal cord tumor. 

Results: Compressive lesions from the anterior parts were observed in 34 cases (23.4%). Compressive lesions from the anterior and 
posterior parts were observed in 34 cases (23.4%). Lesions of ossification of the ligamentum flavum were observed in 45 cases (31 .0%). 
Lesions of ossification of the posterior longitudinal ligament were observed in 15 cases (10.3%). Spinal cord tumor was not observed. 
Conclusions: A survey of compressive lesions at the cervical or thoracic level in lumbar degenerative disease is important in pre- 
venting unexpected neurological deterioration after the lumbar surgery. 
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Introduction 

Of the various complications resulting from spinal sur- 
gery, unexpected neurological deterioration is one of the 
most undesired by both surgeons and patients. The causes 
of such deterioration have been reported to be hematoma 
[1,2], nerve root injury [3], and cauda equina syndrome 
[3-5] at the operative site. Some reports have documented 



neurological deteriorations resulting from coexisting 
compressive lesions above the operative site or coexisting 
upper spinal lesions not identified before the lumbar sur- 
gery [6-8]. 

The increase in the world's elderly population has led to 
the increase in lumbar degenerative disease and lumbar 
spine surgery. With aging, degenerative changes can ap- 
pear in the cervical and thoracic spine [9]. However, there 
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are few reports on the compressive lesions of the spinal 
cord at the cervical or thoracic level in lumbar degenera- 
tive disease. In order to avoid unexpected neurological 
deterioration due to coexisting upper spinal compressive 
lesions, it is imperative for surgeons to be aware of the 
prevalence and distribution of the lesions in lumbar de- 
generative disease. 

With advances in imaging technology, thin-slice post- 
myelographic computed tomography (CT) scans are able 
to analyze the morphology of the whole spinal canal and 
spinal cord in detail. The purpose of the present study is 
to analyze the prevalence and distribution of the cervi- 
cal and thoracic compressive lesions of the spinal cord in 



lumbar degenerative disease, using whole-spine postmy- 
elographic CT. 

Materials and Methods 

1. Participants 

Between February 2006 and September 2011, 145 con- 
secutive symptomatic patients had undergone whole- 
spine postmyelographic CT before lumbar surgery at 
the authors' hospital. The population was comprised of 
79 men and 66 women, with the mean age of 69.1 years 
(range, 29-87 years), with lumbar disk herniation (n=19) 




Fig. 1. (A) Compressive lesion from the anterior parts (disc herniation and osteophyte). (B) Compressive lesion from the anterior 
and posterior parts (hypertrophy of ligamentum flavum). (C) Ossification of the ligamentum flavum. (D) Ossification of the posterior 
longitudinal ligament. 
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or lumbar spine canal stenosis (n=126). Patients with 
recent trauma, diagnosis of ossification of the posterior 
longitudinal ligament or ossification of the ligamentum 
flavum, rheumatoid arthritis, infectious spondylitis, spi- 
nal tumors, or prior fractures were excluded. All patients 
provided informed consent. 

2. Scanning protocol 

Before the lumbar surgery, the survey of compressive le- 
sions at the cervical and thoracic level in lumbar degen- 
erative disease was performed. Patients were placed in the 
prone position, with the neck in neutral position. After 
myelography, CT scans were obtained using a multislice 
scanner (Toshiba Aquilion 16, Toshiba Medical, Tochigi, 
Japan). Image data were obtained in 0.5-mm slices, from 
the level of the occiput to the sacrum. 

3. Image analysis 

Axial images from the cervical to the thoracic level were 
analyzed. All images were read by two experienced phy- 
sicians. The following parameters at the cervical and 
thoracic level were analyzed: compressive lesion from 
the anterior parts (disc herniation, osteophyte) (Fig. lA), 
compressive lesion from the anterior and posterior parts 
(hypertrophy of ligamentum flavum) (Fig. IB), ossifica- 
tion of the ligamentum flavum (Fig. IC), ossification of 



the posterior longitudinal ligament (Fig. ID), and spinal 
cord tumor. We defined compressive lesion of the spi- 
nal cord as a lesion in contact with the spinal cord and 
the anterior or posterior parts, or the morphological 
deformity of the spinal cord. We defined ossification of 
the ligamentum flavum and ossification of the posterior 
longitudinal ligament as an ossified mass arising from the 
lamina, facet joints, or vertebrae. We calculated the num- 
ber of affected cases as well as the number of compressive 
or ossified lesions and the spinal level. 

Two independent observers checked each parameter 
in consensus on the DICOM viewer. In the present study, 
we investigated the reliability of each parameter in 30 
cases in the blinded-method. The reliability of the image 
evaluation was estimated using the agreement percent- 
age and K statistics. The agreement was rated as follows: 
poor, K=0 to 0.2; fair, K=0.21 to 0.4; moderate, K=0.41 to 
0.60; substantial, K=0.61 to 0.8; and excellent, K>0.81. A 
value of 1 indicated absolute agreement, whereas a value 
of 0 indicated agreement no better than chance. The in- 
tra- and interobserver agreements were calculated using 
SPSS ver. 13 (SPSS Inc., Chicago, IL, USA). The intra- 
and interobserver agreement was excellent (K>0.80) in 
the present study. 

Results 

Cervical and thoracic compressive lesions of the spinal 




Fig. 2. Sex distribution of the compressive lesions from anterior parts. 
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cord from various causes and ossified lesions of the cer- 
vical and thoracic spine in lumbar degenerative disease 
were observed in 89 of 145 patients (61.4%). 

1. Compressive lesions from the anterior parts 

Compressive lesions from the anterior parts were ob- 
served in 34 of 145 patients (23.4%). The distribution is 
shown in Fig. 2. The lesions were mainly located at the 
C5-6 level (16 lesions), followed by the C6-7 level (8 le- 
sions) and C4-5 level (7 lesions). The peak was observed 
at the middle cervical level, and 1 to 3 lesions were ob- 
served at the proximal and middle thoracic level. 

2. Compressive lesions from the anterior and posterior 
parts 

Compressive lesions from the anterior and posterior parts 
were observed in 34 of 145 patients (23.4%). The distribu- 
tion is shown in Fig. 3. The lesions were mainly located at 
the C5-6 level (25 lesions), followed by the C4-5 level (13 
lesions), C6-7 level (8 lesions), and C3-4 level (7 lesions). 



The peak was observed at the middle cervical level, and 1 
or 2 lesions were observed at the lower thoracic level. 

3. Lesions of ossification of the ligamentum flavum 

Lesions of ossification of the ligamentum flavum were 
observed in 45 of 145 patients (31.0%). The distribution 
is shown in Fig. 4. The lesions were mainly located at the 
Tl 1-12 level (18 lesions), followed by the TlO-1 1 level (16 
lesions), T9-10 level (11 lesions), and T12-L1 level (8 le- 
sions). One peak was observed at the lower thoracic level, 
and another small peak was observed at the proximal 
thoracic level. Six lesions were observed at the T4-5 level, 
followed by the T3-4 level (4 lesions), and T5-6 level (3 
lesions). 

4. Lesions of ossification of the posterior longitudinal 
ligament 

Lesions of ossification of the posterior longitudinal liga- 
ment were observed in 15 of 145 patients (10.3%). The 
distribution is shown in Fig. 5. The lesions were mainly 
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Fig. 3. Sex distribution of the compressive lesions from anterior and posterior parts. 
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located at the C5 level (9 lesions), followed by the C4 
level (6 lesions). A peak was observed at the middle cer- 
vical level, and 1 or 2 lesions were observed at the middle 
thoracic level. 

5. Spinal cord tumor 

Spinal cord tumor was not observed at the cervical or 
thoracic level in the present study. 



6. Case reports 

1) Case 1 

A 77-year-old woman suffering from lower back pain 
and an insidious onset of right leg pain was admitted to 
our hospital for lumbar surgery after her symptoms were 
aggravated despite conservative treatment. She exhib- 
ited no motor weakness. Her biceps and brachioradialis 
tendon reflexes were normal, but her triceps, patellar, 
and Achilles tendon reflexes were slightly hypertonic. 
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Fig. 4. Sex distribution of the ossification of the ligamentum flavum. 
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Fig. 5. Sex distribution of the ossification of the posterior longitudinal ligament. 
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Magnetic resonance imaging (MRI) of the lumbar spine 
revealed stenotic changes at the L3-4 level. Preoperative 
whole spine postmyelographic CT was performed, which 
revealed stenotic change at the L3-4 level, the right hy- 
pertrophic ligamentum flavum compressing the dural sac 
posteriorly (Fig. 6A), severe stenotic change at the C4-5 
level, and ossification of the posterior longitudinal liga- 
ment (Fig. 6B). We provided her with the information on 
the compressive lesion in the lumbar and cervical spine. 

Before decompressive surgery of the L3-4 level, the 
patient was moved to the prone position, and her neck 
was postured carefully in a slightly flexed position in or- 
der to prevent neurological deterioration of the cervical 
spine. After the lumbar surgery, the pain in her leg was 
relieved, and she exhibited no motor weakness, numb- 
ness, or deterioration in her fine motor skills. One year 
after the lumbar surgery, she reported upper- extremity 
motor weakness and numbness in both her hands as well 
as deterioration in her fine motor skills. Two years after 
the lumbar surgery, her triceps, patellar, and Achilles ten- 
don reflexes were exaggerated. A cervical operation was 
performed to decompress the cervical spinal cord, and 2 
years later, her neurological status was improved. 

2) Case 2 

A 69-year-old man suffering from an insidious onset of 
pain and motor weakness in both legs underwent lami- 
nectomy for the diagnosis of lumbar spinal canal steno- 




Fig. 6. Case 1. (A) Preoperative postmyelographic computed tomography (CT) scan, demonstrating degenerative spinal canal 
stenosis at L3-4 and the right hypertrophic ligamentum flavum, compressing the dural sac posteriorly. (B) Preoperative postmyelo- 
graphic CT scan, demonstrating severe stenotic change at the C4-5 level and ossification of the posterior longitudinal ligament. 



sis. After the laminectomies, his neurological symptoms 
deteriorated gradually, and finally, he became paraplegic 
and was referred to our hospital in emergency. His patel- 
lar tendon reflex was slightly hypertonic, but his Achilles 
tendon reflex was normal. Whole-spine postmyelograph- 
ic CT was performed, which revealed stenotic change at 
the C7-T1 (Fig. 7). In this case, ossification of the liga- 




Fig. 7. Case 2. Whole-spine postmyelographic computed tomography 
scan, demonstrating severe stenotic change at the C7-T1 level and 
ossification of the ligamentum flavum. 
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mentum flavum in the cervical-thoracic spine had been 
missed before the patient underwent lumbar surgery. We 
performed additional operations to decompress the cer- 
vical-thoracic lesion, and his symptoms were resolved. 

Discussion 

In spinal surgery, the appearance of unexpected neuro- 
logical deterioration after the surgery is the worst situa- 
tion to be faced by the surgeon and patient. There have 
been numerous reports of cases involving hematoma 
[1,2], nerve root injury [3], and cauda equina syndrome 
[3-5] causing postoperative neurological deterioration at 
the previous operative site. As these complications may 
be expected, the surgeons inform the patients and receive 
consent before the surgery. Neurological deterioration 
due to disorder at the level above the operative site is un- 
expected, however, and surgeons are unable to properly 
inform their patients before the surgery. Consequently, 
such situation hinders the relationship of mutual trust 
between the surgeon and patient, and often, impedes 
consent for further treatment. 

There rarely have been reports on neurological deterio- 
ration due to missed compressive lesion of the spinal cord 
at the cervical or thoracic level after lumbar decompres- 
sive surgery. Such cases tend to have unsuccessful results, 
and as such, many are not reported. Boccanera and Laus 
[4] reported three cases of neurological deterioration that 
developed after lumbar decompressive surgery, where the 
missed compressive lesions were in the lumbar spines. 
These cases were reported in 1987, when MRI was not a 
common diagnostic tool. Such cases are very unlikely to 
occur under the current medical standards. Vails et al. [6] 
described the case of one patient in whom thoracic para- 
paresis developed after a routine lumbar laminectomy, 
due to a missed spinal arachnoid cyst. Takeuchi et al. [7] 
reported three cases of thoracic paraparesis which devel- 
oped after lumbar surgery due to missed spinal cord tu- 
mor, disk herniation, and ossification of the ligamentum 
flavum. Ko et al. [8] described two cases of paraplegia 
after lumbar surgery due to a missed thoracic menin- 
gioma. In all the above cases, preoperative neurological 
examination, including motor, sensory, and deep tendon 
reflex, had not suggested cervical or thoracic compressive 
lesions. After the lumber surgery, however, deep tendon 
reflexes were exaggerated, suggesting upper spinal com- 
pressive lesion. 



In this study, the compressive lesions from the anterior 
parts and compressive lesions from the anterior and pos- 
terior parts were mainly located at the C5-6 level, and the 
peak was observed at the middle cervical level. In the le- 
sions of ossification of the ligamentum flavum, one peak 
was observed at the lower thoracic level, and another 
small peak was observed at the proximal thoracic level. 
In the lesions of ossification of the posterior longitudinal 
ligament, the peak was observed at the middle cervical 
level, mainly affecting the cervical spine. Friedenberg and 
Miller [9] reported the incidence of cervical degenerative 
disease in both asymptomatic and symptomatic patients 
by roentgenography; the C5-6 level was observed with 
the peak at the middle cervical level in both groups. Guo 
et al. [10] reported on the distribution of ossification of 
the ligamentum flavum by MRI, and found that the ossi- 
fied segments were mainly located at the lower thoracic 
spine, and also commomly found at the upper thoracic 
spine. Kalb et al. [11] reported that an estimated 70% of 
ossification of the posterior longitudinal ligament cases 
involved the cervical spine. The present study showed 
similar trends as the previous reports. However, devel- 
opmental canal stenosis tends to be found at both the 
cervical and lumbar spine, and there is a high probability 
that the patients who develop lumbar degenerative dis- 
ease also suffer from cervical degenerative disease [12]. 
We need to be aware of such trends and investigate the 
corresponding levels in order to identify any compres- 
sive lesions at the level above the operative site before the 
lumbar surgery. 

In this study, cervical and thoracic compressive lesions 
of the spinal cord from various causes and ossified lesions 
of the cervical and thoracic spine in lumbar degenera- 
tive disease were observed in 89 of 145 patients (61.4%). 
While spinal surgery is not often considered in non- 
symptomatic compressive lesions, such lesions may cause 
symptoms after the surgery. In posterior spinal surgery, a 
change in position or maintenance of the prone position 
over a long-term period can cause symptoms after the 
surgery. As such lesions may cause symptoms in the near 
future, it may be useful to provide patients with the infor- 
mation. 

The present study has several limitations. As this was 
a cross-sectional study, we did not demonstrate the rela- 
tionship between compressive lesions at the level above 
the operative site and the appearance of symptoms. The 
lesions may remain non-symptomatic. We need to fur- 
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ther develop the present study and analyze the risks of the 
appearance of symptoms at the level above the operative 
site in greater detail in the future. 

Conclusions 

We reported the prevalence and distribution of cervical 
and thoracic compressive lesions of the spinal cord in 
lumbar degenerative disease by using postmyelographic 
CT. Although the relationship between compressive le- 
sions at the level above the operative site and the appear- 
ance of symptoms is not clear, further study of the non- 
symptomatic compressive lesions may be important in 
the prevention of unexpected neurological deterioration 
after the surgery. 
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